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Understanding the impact of different data processing methods on site-specific 
management recommendation is vital to famers and consultants. This thesis investigates how 
data processing methods affect variable selection in production function estimation and the 
consequent economically optimal input use recommendation map. We utilized LASSO, a 
regression analysis method for feature selection. Data are collected from two years of on-farm 
trials from the same field in Hamilton county, Nebraska. Results suggest that the feature 
selection process and final recommendation about seed and nitrogen rates can be very sensitive 
to the way we process and analyze data, and the effects can be very different in different years 
for the same field. It is very important for practitioners and researchers to raise awareness that 
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In the late 1990s, the invention and popularization of Global Positioning System (GPS) 
based location tracking technology and program analysis launched an agricultural revolution. 
The adoption of modern information technologies allowed farmers and researchers to realize 
variations within their fields. In recent years, the costs of seeds, nitrogen fertilizers, and crop 
values have increased. There also have been increasing concerns about the negative impact of 
agricultural nitrogen use on water quality (Diedrick 2010, Larson et al. 1996). To improve the 
profitability, efficiency, and sustainability of agricultural practice, many farmers have begun 
adopting precision technologies that utilize GPS to allow for site-specific management (Schepers 
and Francis 2008).  
The fundamental concepts of Precision Agriculture are collecting data and making 
decisions based on those data to manage fields site-specifically. Modern information 
technologies allow farmers and researchers to obtain more detailed data at a much finer spatial 
scale with considerably more information. Such information offers the potential to alter 
agricultural decision-making in a way that enhances farming profitability substantially via site-
specific management of the field. One of the promising ways of generating profit-enhancing site-
specific input use recommendation maps is to collect data via on-farm randomized field trials. 
The process of generating an input use recommendation map typically involves the following 
steps (Gnip and Kafka 2003): (1) Designing and implementing randomized input use trial, (2) 
Collecting as-applied data and yield data along with other field characteristics, (3) Processing the 
data for statistical analysis, (4) Conducting statistical analysis to estimate a production function, 
and (5) For each of the management units, derive the optimal input rate that maximizes profit for 
that unit.  
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In this study we focus specifically on step 3. Data processing in precision agriculture 
studies usually involves yield data cleaning and data aggregation. Studies on identifying factors 
that influence yield response clean the yield data by removing problematic observations (Khosla 
et al. 2002, Kyveryga et al. 2013, Mueller et al. 2014). Data aggregation methods can be very 
different across studies. For instance, many studies aggregate observation points at plot level 
(Zimmerman and Harville 1991, Florax 2002, Reyniers and Baerdemaeker 2005). Plot is the 
fundamental experimental unit in field experiments. Aggregating by plot would result in new 
observations that have the least measurement errors, but it can mask important information 
(spatial variation within plots) at the same time. Some studies use observation points as analysis 
units to fully capture spatial variations within the field (Crowin et al. 2003, Ehsani et al. 2005, 
Hemming and Chaplin 2005, Reyniers and Baerdemaeker 2005). However, it entails higher 
measurement errors in yield compared to the plot level aggregation method. Some studies 
aggregate observation points within different sizes of grids, because it gives more observations 
than aggregation by plot and reduces measurement errors in yield (Stott et al. 1993, Reitz and 
Kutzbach 1995, Taylor et al. 2001, Arslan and Colvin 2002, Anselin et al. 2004, Kyveryga and 
Blackmer 2012, Kyveryga et al. 2013, Kyveryga and Blackmer 2014, Mueller et al. 2014). As of 
today, there is no consensus among practitioners and researchers on which methods should be 
used.  
The overarching goal of this study is to understand the sensitivity of regression analysis 
and subsequent economic analysis to different data processing methods. This study looks 
specifically at data aggregation methods and yield data cleaning. Data are aggregated at three 
different levels in order to examine how the way we define analysis units affect results. Figure 1 
illustrates three different type of data aggregation approaches. Data Aggregation by plot uses 
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experimental trial unit as regression analysis unit. Aggregation by subplot divides each 
experimental trial unit into sub-units, and treat each sub-unit as a regression analysis unit. 
Aggregation by point uses each soil electrical conductivity observation collected from the as a 
regression analysis unit. It is well known that yield monitors have measurement errors in real-life 
performance. These errors are mitigated by removing unrealistic yield value, and conduct 
analysis with both raw yield monitor data and cleaned data. In total, six data processing methods 
are examined in this study.  
Using the data from two years of on-farm trials on nitrogen and seed rates conducted at a 
field in Hamilton County, Nebraska, we first run LASSO feature selection analysis to estimate a 
production function for each of the six data processing methods. Subsequently, we find site-
specific optimal nitrogen and seed rates for the field based on the regression analysis results. Our 
results suggest that the feature selection process and final recommendations on seed and nitrogen 
rates can be very sensitive to the way we process and analyze data.  
This rest of this thesis is laid out as follows. The second section presents different data 
processing methods used in previous studies, and provides some information on the impact of 
different aggregation methods in different studies. Section three describes the experimental field 
and data collected for this study. Section four and section 5 present different data processing 
methods, a statistical model for feature selection, and demonstrates how site-specific optimal 
inputs application map are being generated. The sixth section presents the empirical results and 





In Precision Agriculture research, there has been much work done on factors that affect 
yield monitoring accuracy (Mahasneh and Colvin 2000, Reyniers and Baerdemaeker 2005), but 
only a few studies attempted to investigate yield monitor accuracy in the context of data 
aggregation. Arslan and Colvin (2002) is the first study that brought attention to how different 
lengths we use to average data affect yield monitor accuracy. They evaluated the performance of 
a grain yield sensor under laboratory operating conditions. The effect of data aggregation on 
yield monitor accuracy is investigated by a yield monitor averaging data over 4, 6, and 10 
seconds intervals. For constant flow rate, the errors decrease as the interval increased from 4 s to 
10 s averaging.  In the case of varying flow rate, increasing from 4 s averaging to 6 s averaging 
would provide better accuracy while increasing from 6 s averaging to 10 s averaging would not 
improve the accuracy further. 
Past literature has iterated on optimal grid size (Hammond 1993, Petersen 1994, Wong 
1995). Petersen (1994) argued that the fundamental experimental unit in field experiments is the 
field plot, and, therefore, serve as the foundation to evaluate the response of yield to the 
treatments. When choosing the grid size, there is a trade-off between maintaining more 
information by using spatially finer grids or reducing measurement errors in yield by using 
bigger grids (Wong 1995). Hammond (1993) examined fertilizer application efficiencies and 
variable fertility management costs. Data collected from 100, 200, and 400 feet grids indicated 
that the results from a 200 feet grid worked best among the three sizes of grids, while significant 
detail was lost at 400 feet.  
Data aggregation methods can be very different across studies. A few studies aggregated 
data at plot levels (Zimmerman and Harville 1991, Florax 2002, Reyniers and Baerdemaeker 
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2005). In Zimmerman and Harville (1991), each trial was laid out in rows and columns. By 
combining rows in groups of four, data collected from the fields are aggregated to plot level. 
Florax et al. (2002) measured yield data for 5 × 5	𝑚 plots. These measurements are rescaled to 
the 10 × 10	𝑚 grid level. Data were averaged within each grid. This aggregation method was not 
ideal, because it resulted in a loss of information about spatial variation. However, soil data were 
only available at this level of aggregation due to lack of financial resources for the analysis of all 
soil samples. 
Most of the studies aggregated data at the subplot level with different purposes (Stott et 
al. 1993, Reitz and Kutzbach 1995, Taylor et al. 2001, Arslan and Colvin 2002, Anselin et al. 
2004, Kyveryga and Blackmer 2012, Kyveryga et al. 2013, Kyveryga and Blackmer 2014, 
Mueller et al. 2014). Anselin et al. (2004) brought attestations to the potential for using spatial 
econometric analysis of combined yield monitor data to estimate the site-specific crop response 
functions. The original yield observations were spatially averaged within 9.8 × 9.8	𝑚 grids 
created after the experiment in order to reduce the effect of measurement error in individual yield 
monitor observations. Stott et al. (1993) applied moving average to yield measurements over 10, 
20 and 30 points, so that they could compare the effect of different distances to the result. 
Treatments were applied in strips that went the through full lengths of experimental fields in 
Kyveryga and Blackmer (2012), Kyveryga et al. (2013), and Kyveryga and Blackmer (2014). 
Data is then aggregated at the subplot level for more analysis unit.  
Some studies used point as analysis unit (Crowin et al. 2003, Ehsani et al. 2005, 
Hemming and Chaplin 2005, Reyniers and Baerdemaeker 2005). Aggregation by point is usually 
used to study the various effects of soil characteristics. Crowin et al. (2003) identified soil 
properties that influenced the cotton yield. Ehsani et al. (2005) investigated the potential 
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application of soil electrical conductivity for variable rate seeding. Reyniers and Baerdemaeker 
(2005) compared two filtering techniques’ usefulness when processing grain yield data, for 
improving its accuracy. They used aggregation by point for one of the experimental fields that 
had high yield heterogeneity due to variable soil moisture contend. 
Despite the variations in data aggregation methods, only some studies recognized the 
effect of data aggregation on results (Long 1998, Roel and Plant 2004). Roel and Plant (2004) 
investigated the impacts of grid density to spatial yield variability in two California rice fields. 
Three different grid sizes are considered in this study, which are 30, 60, and 90 meters. In both 
fields, they observed the grid with the size of 30 meters appeared to visually correspond to 
patterns of spatial variability observed in infrared aerial images of the field. Roel and Plant 
(2004) concluded that the grid density required to capture the spatial variability was different for 
different years by conducting experiments in two rice fields from 1998 to 2001. They also 
suggest that yield variability may be studied at any spatial scale, and the best choice of grid size 
depends on the aims of the study by looking at squared relative information criteria between 30- 
and 60-meters grid. Long (1998) is the only study that empirically investigated the effect of 
analysis units on regression results. Spatial autoregressive response model is applied to estimate 
the relationship between site-specific wheat yield and selected terrain variables for different sizes 
of analysis units. Analysis units considered in this study ranged from 1.5 × 9.1	𝑚 to 329.2 × 329.2	𝑚. Though the mean of yield is unaffected, values for standard deviation and 
range between minimum and maximum yield decreased with an increasing spatial scale. 
Combining small areal units into larger units did not seriously affect parameters obtained from 
regression models. However, it caused the values for correlation coefficient and 𝑅- to 
systematically rise as the size of the analysis unit increased. However, Long (1998) did no go as 
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far as examining the impacts of the data aggregation methods on optimal input use 
recommendations.  
 Yield monitor is not free of errors even though significant technological advances have 
been made over the years. Potential yield monitor errors could cause extreme high and low yield 
measurements. Erroneous and unrealistic yield data can have strong effects on results, resulting 
in flawed management decisions and research conclusions. Previous studies eliminated these 
errors by removing yield monitor data that was located at the edge of the field (Anselin et al. 
2004, Roel and Plant 2004, Kyveryga and Blackmer 2012, Kyveryga and Blackmer 2014, 
Mueller et al. 2014), filtering out unrealistic yield observations (Taylor et al. 2001), or deleting 
yield observation associates with extreme values of grain moisture, combining speed and two 
standard deviations below or above the average yield (Kyveryga and Blackmer 2012). Natural 
hazards can affect analysis by having extremely low yield value. Studies deleted yield 
observations and plots located in areas damaged by pests or wind, or around flooded areas and 
waterways to eliminate errors associated with natural hazards (Kyveryga and Blackmer 2014, 
Mueller et al. 2014). 
In summary, data aggregation and error adjustment on yields have effects on the results 
in different aspects of precision agriculture research. In making the choice of the scale of the 
analysis unit, the investigator must have knowledge on how much information is lost during the 
process of moving from a smaller scale to a larger one. However, to the author’s knowledge, the 
consequence of using different data aggregation methods is not well understood in the context of 
on-farm trials. Indeed, there is no consensus among practitioners and researchers on the best way 
to define the analysis unit. This thesis contributes to this topic with the focus on feature selection 





Randomized nitrogen and seed rates experiments for corn production were conducted at a 
field located in Hamilton county, Nebraska, for 2016 and 2017. Prior to the experiment in 2016, 
soybean was planted. Figure 2 displays the experimental field from a satellite picture. The field 
is about 70 acres total, and is divided into experimental plots of 280	𝑓𝑒𝑒𝑡	 × 	60	𝑓𝑒𝑒𝑡. Figure 3 
presents the plot designs of the field for 2016 and 2017. For 2016, the field contained 151 
experimental plots. The 2016 study consisted of 4 target nitrogen rates and 3 target seed rates, 
making a total of 12 treatments. Target nitrogen rates were 8.12, 16.23, 14.35, and 32.47 gallons 
per acre. Target planting rates were 30, 33, and 36 thousand seeds per acre. Figure 4 presents the 
prescription maps for nitrogen and seed rates in 2016. For 2017, the field contained 144 
experimental plots. The 2017 study consisted of 4 target nitrogen rates and 4 target seed rates, 
making a total of 16 treatments. Target nitrogen rates included 8.37, 16.74, 25.10, and 33.47 
gallons per acre, while target seed rates included 28, 30.5, 33, and 36 thousand seeds per acre. 
Figure 5 shows the prescription maps for nitrogen rates and seed rates in 2017.  
Data Description 
For this study, we collected data on the following variables from the experimental field 
for 2016 and 2017: yield, as-applied nitrogen and seed rates, soil electrical conductivity, and 
obtained input and output price from the owner of the field.  
The unit of the yield of corn is measured in bushels per acre. Yield monitor data are 
collected from John Deere 680S. Figure 6 presents the yield monitor data from the field for 2016 
and 2017. Extremely high and low yield value exist in both years’ data. In 2016, yield monitor 
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data contained 19,821 observation points, with a range from 6.519 bushels per acre to 1,656.099 
bushels per acre. Raw yield in 2017 contained 20,781 observations points with a maximum yield 
of 1,709.244 bushels per acre and a minimum yield of 0 bushels per acer. The 100 to 400 range 
contains more than 80 percent of the yield observations for both years. 
Figure 7 presents the as-applied data for 2016 and 2017. As-applied seed rate look 
different for 2016 and 2017 due to the use of different types of planters. 2016 experiment used 
John Deere 24 row planter that records one observation point per second, while 2017 experiment 
used John Deere 1725 Highspeed 16 row planter that records multiple observation points per 
second. Shaben 24 row were used for nitrogen application for both years. Figure 8 is the 
distribution of as-applied rates for 2016 and 2017. The minimum for as-applied seed rate in 2016 
is 0 bushel per acre, while the maximum is 297.727 bushels per acre. The minimum for as-
applied nitrogen rate in 2016 is 0.705 pound per acre, while the maximum is 48.803 pounds per 
acre. In 2017, as-applied seed rate contains some readings that are 0 bushel per acre. The 
maximum for as-applied seed rate in 2017 is 66.692 bushels per acre. The minimum for as-
applied nitrogen rate in 2017 is 0 pound per acre, while the maximum is 197.436 pounds per 
acre. Besides the variable nitrogen rate, a base rate that was constant across the field was applied 
earlier in both years. Some of the as-applied rates readings are off the target rates. Instead of 
using target rates and fixed rate, this study will use as-applied data for the analysis. 
Soil electrical conductivity (EC) is a measurement that correlates with several important 
soil properties that affect crop yield, crop suitability, plant nutrient availability, and soil 
microorganisms. It is an important indicator for soil health and site-specific management. Soil 
electrical conductivity data are collected using Veris MSP3 on 50 feet transects through the field 
at the depth of one meter in Fall, 2017. For this study, EC is expressed in unit of milliSiemens 
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per meter (mS/m). EC data collected in fall 2017 are used for 2016 and 2017’s analysis. Figure 8 
shows the EC value for the field in 2017. EC data contains 3,887 observations. In Figure 8, a 
layout of 1,316 rectangular cells are created so that each range contains equal number of grids. 
EC observations are spatially averaged within each grid. Most EC observations varying in the 
range between 20 to 100 mS/m. Small variation of EC can be observed in this field. EC readings 
less than 100 ms/m suggests soil in this field are considered non-saline and do not impact 
nitrogen cycling.  
 In order to estimate site-specific optimal seed and nitrogen rates that maximize profit for 
each management unit, we collected the price for corn, seed, and nitrogen. Corn is sold at $3.05 
per bushel in 2016 and $3.35 per bushel for 2017. The cost for seed was $235 per bag and $238 
per bag for 2016 and 2017, respectively. Each bag contained 80,000 seeds. The price for nitrogen 




This section describes the various data processing methods I will examine in variable selection 
analysis and generating economically optimal recommendation analysis. Specifically, we look at 
data aggregation levels and data cleaning. Below, I present more details on how data are 
aggregated, and error adjustment. 
Aggregation Method 
Three aggregation methods are considered in this study: aggregation by plot, by subplot, 
and aggregation by point (EC observation). Yield data from the yield monitors have 
measurement errors, and the errors tend to be averaged out more as more data points are included 
to find the mean. Aggregating by plot would include the most observations in each analysis unit, 
and aggregation by point would include the least observations in each analysis unit. Thus, 
aggregating by plot would result in new observations that have the least measurement errors. 
However, data aggregation masks important spatial information at the same time. Suppose that 
EC is an important soil characteristic indicator that affects economically optimal input rates, and 
that EC can vary quite a lot within an experimental unit. Aggregating by plot requires that all the 
EC values within an experimental unit to be averaged, masking the potential heterogeneous 
impact of input on crop yield depending on the level of EC within the plot. Aggregating by sub-
experimental unit aggregates observations at a finer spatial solution. This allows researchers to 
elicit more interactive impacts of input rate and EC, because EC values are allowed to take 
different values within an experimental plot. On the other hand, aggregating by point discards the 
least amount of information to statistically identify the interactive impacts of inputs and soil 
characteristic. However, aggregation by point has the highest measurement errors. Given these 
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aforementioned trade-offs, it is an important empirical question as to how the data aggregation 
affects the final outcome. 
Below, I presented each aggregation approach and how data were being processed under 
each aggregation approach.  
Aggregate by plot 
Aggregation by plot is a method that use experimental trial units as analysis units. The 
size of a plot is about 280	𝑓𝑒𝑒𝑡	 × 	60	𝑓𝑒𝑒𝑡 for both years. Yield data, as-applied nitrogen and 
seed rates data, and soil data are overlaid on the experimental design map to identify which 
experimental plot each observation belongs to. Then the average values of these variables were 
calculated within each plot. Figure 9a shows an example of aggregate by plot. Each rectangle 
shape represents an experimental plot, and each triangle shape represents a yield observation. 
Two plots are included in the figure. Yield observations within the same plot are averaged to find 
the yield for that analysis unit. 
Aggregate by subplot 
 Aggregation by subplot divides each of the experimental trial units into sub-units, and 
then uses the sub-units as analysis units. Each plot of the original experimental design map is 
divided into four subplots of the same size (70	𝑓𝑒𝑒𝑡	 × 	60	𝑓𝑒𝑒𝑡). Yield data, as-applied nitrogen 
and seed rates data, and soil data are then overlaid on the map to identify which sub-plot each 
observation belongs to. Then the average values of these variables were calculated within each 
subplot. Figure 9b shows an example of aggregate by subplot. Each square shape represents a 
subplot, and each triangle shape represents a yield observation. Four subplots are included in the 




Aggregation by point (EC) 
For this case, EC observation points are used as analysis units. Among yield data, as-
applied nitrogen and seed rates data, and soil data, EC is the variable that has the least 
observations. I calculate the distance for all yield observation points and as-applied observation 
points to each EC observation point. Then, I match yield observation points and as-applied 
observation points to the nearest EC observation point. Figure 9c shows an example of aggregate 
by EC. Each circle shape represents an EC observation, and each triangle shape represents a 
yield observation. Four EC observations are included in the figure. The arrow from the yield 
observation pointed to the EC observation indicates that the yield gets matched to the nearest EC 
observation. After matching yield and as-applied rate observations to the nearest EC observation, 
I take average of all the yield and as-applied rate observations that match to the same EC 
observation. Each EC point become an individual analysis unit. EC observation that has no 
matching yield and as-applied data are removed from the analysis.  
Yield Data Cleaning 
Raw yield data refers to the yield monitor data, which collected from the producer’s 
harvester. Raw yield data usually contain extremely high or low yield measurements caused by 
yield monitor errors. Erroneous and unrealistic yield data can have strong effects on results, 
resulting in flawed management decisions and research conclusions. Currently, there are no 
known standard method in existence for cleaning raw yield data. In this study, raw yield data are 
post-processed using custom filters in R in order to obtain clean yield. The custom filters in R set 
yield threshold. Yield observations that had a value above or below these thresholds were 
deleted. The filter applied to raw yield dataset is 150 bushels per acre to 300 bushels per acre for 
2016 and 2017. The range of the filter is decided based on the distribution of raw yield value. 
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Figure 10 shows the distribution of raw yield value for 2016 and 2017. Extreme high values that 
above 500 are cut off from these graphs for better presentation. In both years, more than 80 
percent of raw yield observations locate in the range of 150 to 300. Filter ranged from 150 
bushels per acre to 300 bushels per acre sufficiently removed unrealistic yield observations, 
while keeping enough observations. After applying the filter, clean yield in 2016 contains 16,556 
observations, and clean yield in 2017 contains 18,676 observations. Figure 11 presents the clean 
yield for 2016 and 2017. We can observe more variations in clean yield in 2017. 
By considering different aspects of data processing, I ended up with six data processing methods. 




Feature Selection Analysis 
In order to understand the implications of different data processing methods, we use 
LASSO, a variable selection method (Tibshirani, 1996). LASSO allows us to select important 
features from the covariates initially included in the model (LASSO is discussed further in the 
Appendix. The initial model specification for corn yield in this study is as follows: 𝑌5 = 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 + 𝛽>𝑆𝑒𝑒𝑑5 +	𝛽-𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛5 + 𝛽E𝐸𝐶5 + 𝛽G𝑆𝑒𝑒𝑑5- + 𝛽H𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛5- +𝛽I𝐸𝐶 × 𝑆𝑒𝑒𝑑5 + 𝛽J𝐸𝐶 × 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛5 + 𝜀5        
where 𝑖 indicates the 𝑖th management unit in the field. Note that depending on the aggregation 
method, the definition of management unit 𝑖 varies. Dependent variable 𝑌 is corn yields in 
bushels per acre. In order to examine the effect of removing erroneous yield observations, raw 
yield and cleaned yield are considered as two separate independent variables. Explanatory 
variables consist of seed rate (𝑆𝑒𝑒𝑑), nitrogen rate (𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛), soil electrical conductivity (𝐸𝐶), 
seed rate squared (𝑆𝑒𝑒𝑑-), nitrogen rate squared (𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛-), soil electrical conductivity 
interacted with seed rate (𝐸𝐶 × 𝑆𝑒𝑒𝑑), and soil electrical conductivity interacted with nitrogen 
rate (𝐸𝐶 × 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛). 𝑆𝑒𝑒𝑑 is the as-applied seed rate (in thousand seeds per acre), and 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛 is the as-
applied nitrogen rate (in gallons per acre). The initial model also includes two quadratic terms, 
which are 𝑆𝑒𝑒𝑑- and 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛-. Increasing seed rates are closely associated with increased 
corn yield. However, a plant population that is too high or too low can negatively impact yield. 
Higher plant density causes increased competition between plant. When nutrients, light, and 
moisture are limited for plant, interplant competition can lower yields (Doerge et al. 2015). For 
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these reasons, the basic model included the quadratic term for as-applied seed rate. Quadratic and 
quadratic-plus-plateau (QRP) models are often used for predicting optimal nitrogen rate for corn 
(Bullock and Bullock 1994, Cerrato and Blackmer 1990). 𝐸𝐶 is the soil electrical conductivity in mS/m. Inherent factors that affect EC include soil 
minerals, climate, soil texture. It is also affected by cropping, irrigation, and fertilizer 
application. The variables of particular interest are 𝐸𝐶 × 𝑆𝑒𝑒𝑑 and 𝐸𝐶 × 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛. Nitrogen 
fertilizer application can increase salinity and should be monitored closely. Soil electrical 
conductivity test is a method for nutrient monitoring and EC is one of the soil characteristic 
variables that is often used as precision farming tools for developing management zones and 
assigning variable rates of crop input. The econometric model indicates that, the marginal impact 
of seed and nitrogen rate are as follows: 𝑑𝑌5𝑑𝑆𝑒𝑒𝑑5 = 	𝛽> + 2𝛽G𝑆𝑒𝑒𝑑5 + 𝛽I𝐸𝐶5 𝑑𝑌5𝑑𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛5 = 	𝛽- + 2𝛽H𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛5 + 𝛽J𝐸𝐶5 
This means that the marginal impact of a change in seed (or nitrogen) rate has on yield depends 
on not only the change in input rate itself, but also depends on the EC in that management unit. If 
the interaction term between seed rate (nitrogen rate) and EC was selected to remain the final 
model after a feature selection analysis, then it means one should adopt site-specific seed rate 
(nitrogen rate) application depending on the value of EC. On the contrary, if the interactions 
terms are not selected, then it would mean that there is no need to vary seed rate (nitrogen rate) 





Estimating Site-specific Optimal Inputs Application Map 
The production functions obtained from the LASSO regression analysis are used to 
estimate sit-specific optimal seed rate and nitrogen rate that maximize profit for each 
management unit. In general, estimated production function for management unit 𝑖 as a function 
of seed rate (S), nitrogen rate (N), and EC can be written as follows: 𝑌𝑖𝑒𝑙𝑑5 = 𝑓(𝑆5, 𝑁5, 𝐸𝐶5). 
Then, we solve the following profit maximization problem for each management unit 𝑖 for a 
given year: MaxR,S π5 = 𝑃V × 𝑓(𝑆5, 𝑁5, 𝐸𝐶5) − 𝑃R × 𝑆 − 𝑃S × 𝑁	 
The first term on the right-hand side of the equation is the revenue per acre from corn 
production in management unit 𝑖, where 𝑃V is the price of corn in dollars per bushel and 𝑓(𝑆5, 𝑁5, 𝐸𝐶5) is the corn yield in bushels per acre in management unit 𝑖. The second term of the 
equation is the cost for seed in thousands seed per acre for analysis unit 𝑖, where 𝑃R is the price 
for seed in dollars per thousand seed and 𝑆 is the seed rate in thousand seed per acre in 
management unit 𝑖. The last term of the equation is the cost for nitrogen in dollars per acre for 
management unit 𝑖, where 𝑃S is the price for nitrogen in dollars per pound and 𝑁 is the nitrogen 
rate in pound per acre in management unit 𝑖. The range of seed rates and nitrogen rates 
considered in profit maximization are bounded by their respective ranges observed in the 
experiment. Three sets of EC value are used, which are aggregate EC by plot, subplot , and by 
point. Optimal seed and nitrogen rates obtained for a management unit are in the unit area of 
plot, subplot, or point. Site-specific optimal Inputs application map need to present in the unit 
area of plot. Optimal seed and nitrogen rates in the unit of subplot and point are interacted to 
experimental design map and aggregated to optimal rates at plot level.  
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Empirical Results and Interpretation 
2016 Results 
Figure 12 presents the result of LASSO feature selection analysis for the 2016 data based 
on the six different ways of data processing. The vertical axis displays the variables included 
initially in the yield model, and the horizontal axis indicates data processing methods. Red 
indicates that the variable is excluded from the statistical model due to their lack of significant 
impacts on yield. In contrast, blue indicates the variable is important to keep in the final model. 
Methods that use point as analysis unit include all variable in the final production function. More 
variables are excluded from the model when aggregation method is by subplot. Yield data 
cleaning does not have strong effect on variable selection except when aggregation method is by 
plot.  
Figure 13 presents the selection frequency of an independent variable out of total six data 
processing methods for 2016. 𝐸𝐶 × 𝑆𝑒𝑒𝑑 is selected across all six methods, while 𝐸𝐶 × 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛 is selected four out of six methods. Table 2 presents coefficients estimates from 
the LASSO analysis for the selected features under different processing method for 2016. In 
2016, 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛 and 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛- are included under all six methods. The sign on 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛 is 
expected to be positive, and the sign on 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛- is expected to be negative. However, all the 
coefficients for 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛 have negative signs, and all the coefficients for 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛- have 
positive signs under all methods. On the other hand, coefficients on 𝑆𝑒𝑒𝑑 and 𝑆𝑒𝑒𝑑- all have 
expected signs under all method.  
Based on the production functions I obtained from using LASSO, I am able to find the 
optimal seed rate and nitrogen rate that maximize profit for each management unit under 
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different data processing methods. Table 3 presents the site-specific management 
recommendation for 2016 in table format. Each plot in the field is considered as a management 
unit. Optimal seed rates are in thousand seeds per acre, while optimal nitrogen rates are in 
gallons per acre. Economically optimal seed rates recommended under all six methods vary 
within the field because the interaction term between EC and seed rate is statistically significant 
for all the data processing method. Optimal seed rates among management units ranged from 30 
thousand seeds per acre to 32 thousand seeds per acre. Optimal seed rates recommended under 
Method 3,4 and 5 vary within a very small range, which implies optimal seed rates vary with in a 
small range when less variables are selected by LASSO. On the contrary, optimal nitrogen rate 
suggested under different method is unique and does not vary within the field. 𝐸𝐶	and 𝐸𝐶 × 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛 have a low selection frequency, resulting in unique optimal nitrogen rate. The 
unique optimal nitrogen rate could be explained by crop rotation. Soy bean was planted prior to 
the 2016 experiment. Soybean plants are legumes, which have the ability to take nitrogen from 
the air and fix it into the soil, so that other crops plant in the following cropping season can use it 
as well. Therefore, the optimal site-specific nitrogen rate suggested by different methods is 
unique, and as low as 8.12 gallons per acre. Figure 14 demonstrate the site-specific optimal seed 
rate application maps obtained under different methods in 2016. More variation in optimal seed 
rates can be observed when analysis unit is point. Yield data cleaning does not have significant 
effect on variation pattern across the field for the same aggregation method. Figure 15 
demonstrate the site-specific optimal nitrogen rate application maps obtained under different 
methods in 2016. Under Method 1 and 2, one plot actually has a different optimal nitrogen rate. 




Figure 16 demonstrates the result of LASSO on what independent variables matter in 
explaining yield variation in 2017 depending on the way data is processed. Only Method 3 
selected all seven variables. Plot aggregation includes the least number of variables selected 
among all the three aggregation methods. Using the raw yield data includes more variables than 
using clean yield data when analysis unit is point and subplot. 
Figure 17 presents the selection frequency of an independent variable out of total six data 
processing methods for 2017. Two interaction terms, 𝐸𝐶 × 𝑆𝑒𝑒𝑑 and 𝐸𝐶 × 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛 are 
selected four out of six times, while 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛, 𝑆𝑒𝑒𝑑-, and 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛- only get selected three 
times. Table 4 presents coefficients attained from LASSO for selected features under different 
processing method for 2017. Only Method 3 includes 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛 and 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛- together, and 
the sign for 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛- is expected. Method 1 and 3 include both 𝑆𝑒𝑒𝑑 and 𝑆𝑒𝑒𝑑-, and the sign 
for these variables are as expected. 
Table 3 presents the site-specific management recommendation for 2017 in table format. 
In contrast to 2016, 2017 has more unique optimal seed and more varying optimal nitrogen rate. 
Estimates show that method 2 to 6 recommended a unique optimal seed rate of 36 thousand 
seeds per acre. Only Method 1, which adopting point as analysis unit and using raw yield data 
recommended optimal seed rates that vary across the field. This is because Method 1 include 𝑆𝑒𝑒𝑑, 𝑆𝑒𝑒𝑑-, and 𝐸𝐶 × 𝑆𝑒𝑒𝑑 in its final production function, while Method 4 to 6 exclude some 
of these variables from the final production function. Method 1 and Method 3 both include 𝑆𝑒𝑒𝑑, 𝑆𝑒𝑒𝑑-, and 𝐸𝐶 × 𝑆𝑒𝑒𝑑 in its final production function, yet Method 3 has a unique optimal seed 
rate, which suggests moving from aggregation by EC to aggregation by subplot discarded spatial 
information. However, the difference in optimal seed rates suggested by Method 1 and Method 3 
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is very small. Figure 18 demonstrate the site-specific optimal seed rate application maps obtained 
under different methods in 2017. Optimal seed rates suggested by Method 1 vary within a small 
range, which is 35.81 to 36 thousand seeds per acre. Only some plots have optimal seed rate that 
is not 36 thousand seeds per acre. Optimal seed rates in 2017 are higher than optimal seed rates 
in 2016 due to the increased profitability in planting corn. Four out of six methods suggested 
optimal nitrogen rates that vary within the field, which are Method 1 to 4. Optimal nitrogen rates 
suggested under these methods vary from 8.37 to 33.47 gallons per acre. Optimal nitrogen rates 
in 2017 have greater response. The suggested optimal nitrogen rates are much higher and have 
more variation than optimal seed rate in 2016 for the following reasons. First, soybean was 
planted prior to 2016 experiment. Second, the price of nitrogen decreased from $0.45 per pound 
to $0.40 per pound. In 2017, adopting plot as the analysis unit does not include 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛- and  𝐸𝐶 × 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛 in the final production, which results in single optimal nitrogen rate for the 
field. However, the optimal nitrogen rate suggested by each method is different. Method 5 
suggested 8.37 gallons per acre, while Method 6 suggested 33.47 gallons per acre. It implies, 
yield data cleaning is critical for input rate recommendation, especially when analysis unit is 
plot. Figure 19 demonstrate the site-specific optimal nitrogen rate application maps obtained 
under different methods in 2016. We can observe a lot of variation in optimal nitrogen rate 
across the field. Optimal nitrogen rates vary in a bigger range when using raw yield data. 
Interpretation of the Results 
The results from 2016 suggested different data processing methods do not have strong 
effect on variable selection results. On the other hand, the results from 2017 suggested different 
data processing methods have strong effects on variable selection results and functional forms. In 
2017, more variables are excluded from the production function when the size of analysis unit 
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become bigger. In 2016, using raw or clean yield data does not have strong effect on variable 
selection results when the size of the analysis unit is the same. However, in 2017, using different 
yield data resulted in very different functional forms. 
One of the important finding here is whether EC and its interaction term with seed rate 
and nitrogen rate should be kept in the production function or not, varies, depending on the way 
data is processed. Aggregating data by point has the highest selection frequency on these three 
variables. Results generally agree with previous studies which found that analysis units that 
represent smaller units allowed researchers to elicit more impacts of input rate and EC. The 
relevancy of these variables is different for different years. In 2016, 𝐸𝐶 and 𝐸𝐶 × 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛 
have the smallest selection frequency. On the other hand,  𝐸𝐶 and 𝐸𝐶 × 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛 have larger 
selection frequency than most variables in 2017.  
 Feature selection and its resulting optimal inputs recommendation rates can have 
different sensitivities to the same processing method. Even though the production functions 
estimated by different methods are different, the resulting optimal input recommendation rates 
could still be the same. Having 𝐸𝐶 × 𝑆𝑒𝑒𝑑 and 𝐸𝐶 × 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛 selected by LASSO do not 
guarantee site-specific seed, and nitrogen rates adjusted based on the value of EC. In 2016, 𝐸𝐶 × 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛 is selected under four out of six methods, but none of the method suggests a 
varied optimal nitrogen rate. 𝐸𝐶 × 𝑆𝑒𝑒𝑑 is selected under all six methods, and all optimal seed 
rates vary across the field. 𝐸𝐶 × 𝑆𝑒𝑒𝑑  is selected under four out of methods in 2017, but only 
one method suggested varied optimal seed rates. 𝐸𝐶 × 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛 also is included under four out 
of six methods. Methods that included 𝐸𝐶 × 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛 in its production all suggested varied 
optimal nitrogen rates. It is also important to notice variable selection, and optimal seed rates and 
nitrogen rates generated from the same processing method in different years can behave very 
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differently. Feature selection and the optimal input rate not only response to different data 
processing methods, but also response to field condition and input and output prices. 
 Based on the results, the optimal data processing method for this field is Method 4 for 
both years. Yield data cleaning is critical for input rate recommendation. With or without yield 
data cleaning could result in very different functional forms. Even though the functional forms 
are similar, the subsequent optimal input rate could still be different after yield data cleaning. 
Aggregation by subplot has less measurement error than aggregation by point. As compares to 




This study illustrates how sensitive the feature selection process and final 
recommendations about seed and nitrogen rate are to the way we process the data. Our results 
suggest the effect of data processing in feature selection vary by year. When data processing has 
strong effects on variable selection, adopting smaller area as analysis units tends to include more 
variables in the final production function, and yield data cleaning results in different functional 
forms. Feature selection and its resulting optimal inputs recommendation rates can have different 
sensitivities to the same processing method. Feature selection results under different methods can 
be different, but the resulting optimal input rate can still be the same. Data processing is an 
important topic for famers and consultants, because they may have the wrong conclusions about 
how they should be managing their input use depending on how they process the data. It is also 
important for researchers to raise awareness among practitioners that different ways of 
processing data may lead to different conclusions. Both practitioners and researchers do not have 
a consensus on how to define the statistical analysis unit after on-farm data are conducted. While 
we confirmed the sensitivity of optimal nitrogen and seed rate recommendations to data 
processing methods, we were not able to examine which aggregation method works the best. An 
important extension to our analysis is to understand what data processing methods work better 
than the others.  
Finally, the statistical method used in this study assumes that observations are not 
spatially correlated. Possible extensions of this research is to apply spatial LASSO to study the 
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For Precision Agriculture, one of the main goals is to build a model that better represents 
the dataset, which includes the process of feature selection. Feature selection is the process of 
reducing number of explanatory variables to a manageable size. The main goals of using feature 
selection in Precision Agriculture are to remove redundant variables and variables that do not 
add any information; reduce over fitting; reduce the size of the dataset, so we can apply more 
complicated functional forms; making the model easier to interpret by researchers and farmers. 
The aim for this study is to build a model that describes yield. Least Absolute Shrinkage and 
Selection Operator (LASSO) is used as the regression analysis method and as the linear model 
selecting tool.  
LASSO is first formulated by Robert Tibshirani in 1996 in order to improve the 
prediction accuracy and interpretability of regression model. LASSO was chosen as analytical 
method, because it enables to perform both feature selection and regularization. LASSO can be 
viewed as a penalized version of Ordinary Least Squares (OLS). In the case of OLS, it estimates 
the coefficient by minimizing the Residual Sum of Squares (RSS). On the other hand, the 
LASSO minimizes the sum of squared errors and requires the sum of the absolute value of the 
coefficients to be less than a fixed value. In order to do so, LASSO applies a shrinking process 
where it penalizes the coefficients and forces some of them to be zero. The variables that still 
have a non-zero coefficient after the shrinking process are selected will be include in the final 
model. The variables with coefficient equal to zero are excluded from the final model.  
 The objective of LASSO is to solve  
𝑀𝑖𝑛 Y1𝑁 ||𝑌 − 𝑋||--\ 			𝑠𝑢𝑏𝑗𝑒𝑐𝑡	𝑡𝑜	||𝛽||> ≤ 𝑡 
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where 𝑡 is the upper bound for the sum of coefficients. The equivalent Lagrangian form is  
𝛽b(𝜆) = 𝑀𝑖𝑛 1𝑁 ||𝑌 − 𝑋||-- + 𝜆||𝛽||>, 𝜆 ≥ 0 
Lambda (𝜆) is the tuning parameter, which controls the strength of the penalty. When 𝜆 is 
sufficiently large, the coefficients smaller than it are forced to be dropped from the regression. 
Implementing LASSO requires selecting a value for the tuning parameter 𝜆, and selecting the 
value for 𝜆 in LASSO is critical. In this study, the value of 𝜆 is chosen by cross-validation. For 
all of the 𝜆 values, I compute the cross-validation error for each 𝜆. Then, I select the 𝜆 which has 
the smallest cross-validation error. 
 There are many advantages in using LASSO method in Precision Agriculture. First off, 
LASSO provides good prediction accuracy by shrinking and removing coefficients. In the case 
of precision agriculture, we usually have a small number of observation and a large number of 
features from on-farm trials. LASSO can reduce variance without a substantial increase of the 
bias. Moreover, by using LASSO, the final model only includes a subset of the explanatory 
variables that are relevant to explain the dependent variable. This process makes the final model 
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Figure 15 Site-specific Optimal Seed Rate Application Map 2016 
  
Method 1 Method 2
Method 3 Method 4
Method 5 Method 6
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Figure 16 Site-specific Optimal Nitrogen Rate Application Map 2016 
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Figure 19 Site-specific Optimal Seed Rate Application Map 2017 
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Figure 20 Site-specific Optimal Nitrogen Rate Application Map 2017 
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 Aggregation Level Yield Data 
Method 1 Point Raw 
Method 2 Point Clean 
Method 3 Subplot Raw 
Method 4 Subplot Clean 
Method 5 Plot Raw 
Method 6 Plot Clean 
 





2016 Method 1 Method 2 Method 3 Method 4 Method 5 Method 6 
Constant -148.673 -100.373 -22.499 -43.725 -352.694 -276.266 
Seed 22.536 19.082 15.401 16.785 35.956 30.737 
Nitrogen -1.089 -0.681 -0.722 -0.475 -0.891 -0.606 
EC 0.552 0.753    0.335 
Seed2 -0.332 -0.272 -0.234 -0.256 -0.553 -0.465 
Nitrogen2 0.0253 0.0162 0.0199 0.0124 0.0266 0.021 
ECxSeed -0.0171 -0.0288 -0.000466 -0.00447 0.00129 -0.00785 
ECxNitrogen 0.00099 0.000262   -0.0283 -0.00414 
Observations
1 2974 2974 599 599 151 151 
λ2 0.000529 0.000397 0.0228 0.0149 0.0266 0.00391 
 
Table 2 LASSO Estimation for 2016  
                                               
1 Observations is the number of analysis units under each data processing method 




Optimal Seed Rate Optimal Nitrogen Rate  
2016 2017 2016 2017 
Method 1 30.34 - 31.57 35.81 - 36.00 8.12 8.37 - 33.47 
Method 2 30.01 - 31.81 36.00 8.12 18.20- 33.47 
Method 3 30.65 - 30.81 36.00 8.12 11.56 - 30.82 
Method 4 30.73 - 30.87 36.00 8.12 16.87-33.47 
Method 5 31.68 - 31.84 36.00 8.12 8.37 
Method 6 30.56 - 31.72 36.00 8.12 33.47 
 
Table 3 Site-specific Management Recommendation  
  
54 
2017 Method 1 Method 2 Method 3 Method 4 Method 5 Method 6 
Constant 109.617 156.490 18.0441 154.504 141.827 159.821 
Seed 7.669 3.710 12.803 2.884 3.286 2.354 
Nitrogen -0.367  -0.126   0.166 
EC -0.839 -0.280 -0.765  0.252 -0.0282 
Seed2 -0.103 -0.0282 -0.171    
Nitrogen2  -0.00572 -0.0123 -0.00520   
ECxSeed 0.0164  0.0116 -0.00839 0.00145  
ECxNitrogen 0.00959 0.00763 0.0125 0.00690   
Observations 3392 3392 572 572 144 144 
λ 0.00193 0.00764 0.00541 0.0190 0.212 0.216 
 
Table 4 LASSO Estimation for 2017 
 
